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	 ABSTRACT 
	










	
Background: Periodontal disease represents a significant global oral health challenge, with increasing interest in herbal medicine as an alternative or complementary treatment approach. Despite growing research in this field, no bibliometric analysis has systematically mapped the global research and evolution of herbal medicine for periodontal disease.

Objective: This study aimed to analyze global research trends, collaboration patterns, and thematic evolution related to herbal medicine for periodontal disease research through bibliometric analysis of the scientific literature from 1988 to 2025.

Methods: Publications were retrieved from the Web of Science Core Collection database using a comprehensive search strategy combining herbal medicine terminologies with periodontal disease terms. Bibliometric analysis was conducted using CiteSpace and VOSviewer to generate visualizations of publication patterns, collaboration networks, and keyword co-occurrence networks. Research clusters were identified through keyword co-occurrence analysis, with silhouette values calculated to evaluate cluster quality.

Results: The analysis revealed 257 relevant publications with a significant increase in annual publication output, particularly after 2016. China emerged as the leading country (89 publications), followed by Brazil (34), India (30), and the USA (28). Sichuan University was the most productive institution (15 publications). Journal of Ethnopharmacology was the primary publication venue (23 articles). The keyword co-occurrence analysis identified 13 distinct research clusters with high silhouette values (0.782–0.976), representing diverse research directions including anti-inflammation mechanisms, network pharmacology, alveolar bone loss, and periodontal regeneration. Temporal analysis demonstrated an evolution from basic antimicrobial studies toward more sophisticated molecular mechanisms and computational approaches.

Conclusion: Research on herbal medicine for periodontal disease has experienced significant growth and diversification, with emerging research fronts in network pharmacology, anti-inflammatory mechanisms, and tissue regeneration. International collaboration networks have expanded, with Asian countries increasingly contributing to the field. This bibliometric analysis provides a comprehensive overview of the current research landscape and identifies potential directions for future investigation in herbal approaches to periodontal disease management.
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1. Introduction

The increasing interest in herbal medicine as a treatment for periodontal disease reflects a broader trend towards natural and alternative therapies in healthcare. Periodontal disease, a significant global health concern affecting millions worldwide, has prompted researchers to explore complementary approaches to conventional treatments [1]. Herbal remedies offer multiple therapeutic benefits through their anti-inflammatory, antioxidant, and antibacterial properties, which are particularly relevant in managing periodontal conditions [2]. Studies have demonstrated that plant-based phytochemicals can significantly improve clinical parameters in periodontal treatment, suggesting their potential as to conventional pharmaceuticals [3]. Various herbs, including Glycyrrhiza glabra, Aloe barbadensis Miller, and Curcuma longa, have been identified for their effectiveness in inhibiting periodontal pathogens, preventing plaque formation, and reducing gingival inflammation [3]. These herbal interventions are gaining traction due to their perceived safety profile and reduced side effects compared to conventional treatments [4]. The global research landscape reveals significant contributions from countries like the United States and China, reflecting worldwide recognition of herbal therapies’ potential in periodontal care [5]. Despite promising results, challenges remain in fully integrating herbal medicine into mainstream periodontal care, including the need for more high-quality randomized clinical trials to confirm efficacy and safety, as well as a better understanding of mechanisms of action and potential interactions with conventional treatments [6]. As research continues to evolve, balancing traditional knowledge with scientific validation remains essential for ensuring the safe and effective use of herbal therapies in dentistry [7].

Bibliometric analysis has emerged as a valuable methodological approach to systematically evaluate research landscapes across various medical fields, including herbal medicine applications for different conditions. Previous studies have employed this technique to analyze herbal medicine research in chronic kidney disease. [8], cardiovascular diseases [9], [10], pain management [11], male infertility [12], hypertension [13], and cancer [14]. These analyses have consistently revealed China and the United States as leading contributors, while identifying key research hotspots and collaboration patterns specific to each condition. However, despite the growing body of research on herbal medicine for periodontal disease, a comprehensive bibliometric analysis specifically examining this field remains notably absent from the literature. This research gap is particularly significant given the increasing prevalence of periodontal disease globally and the growing interest in herbal alternatives to conventional treatments. Our study addresses this gap by providing the first systematic bibliometric evaluation of the global research landscape in herbal medicine for periodontal disease, offering unique insights into publication trends, international collaboration networks, and thematic evolution that have not been previously documented.

This study aims to conduct a comprehensive bibliometric analysis of global research on herbal medicine for periodontal disease from 1988 to 2025 June. Our objectives include analyzing publication trends, mapping collaboration networks among countries and institutions, identifying core journals and research themes through keyword co-occurrence analysis, and detecting emerging research fronts through timeline visualization. By achieving these objectives, we seek to provide a systematic overview of the current research landscape and identify potential directions for future investigation that could advance the evidence-based application of herbal medicine in periodontal disease management.

2. Methods

2.1. Data Collection and Search Strategy

Fig. 1 illustrates the systematic literature selection process employed in this bibliometric analysis. A comprehensive search strategy was implemented in the Web of Science Core Collection database, combining herbal medicine terminologies (Topic = “herbal medicine” OR “herbal remedies” OR “medicinal plants” OR “traditional Chinese medicine” OR “phytotherapy” OR “plant extract*” OR “Ayurved*” OR “natural product*” OR “herb*” OR other related terms) with periodontal disease terms (Title = “periodont*” OR “periodontal disease*” OR “gingivitis” OR “gum disease*” OR “periodontal pocket*” OR other related terms). The initial search yielded 324 publications, from which 14 records were excluded (4 non-English publications, 3 edited materials, and 7 book chapters, meeting abstracts, news, corrections, or incomplete bibliographies), resulting in 310 publications for bibliometric and visualization analysis across six analytical dimensions: publications, countries, institutions, journals, authors, and keywords. To ensure data quality and reliability, all retrieved publications underwent independent assessment by three authors (S.L., D.K., and G.S.) using predefined inclusion and exclusion criteria. Any discrepancies in study selection were resolved through discussion and consensus among the research team.
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Fig. 1: PRISMA-style flowchart.

2.2. Bibliometric Analysis Tools and Methods

The bibliometric analysis was conducted using CiteSpace (version 6.1.R2), a visualization software for analyzing scientific literature and identifying knowledge domains. We employed multiple analytical modules to generate visualizations of publication patterns, including annual trends, collaboration networks, and keyword co-occurrence networks. For network analysis, parameters were set with a time slice of one year and a selection criterion of the top 50 items per slice. We calculated bibliometric indicators, including citation counts, h-index, and collaboration index, to assess research impact and collaborative patterns.

2.3. Co-Authorship and Country Analysis

Co-authorship analysis was performed to map collaboration patterns among researchers, institutions, and countries in the field. We constructed network maps where nodes represented authors, institutions, or countries, while edges indicated collaborative relationships based on co-authored publications. Centrality measures, including degree centrality, betweenness centrality, and closeness centrality, were calculated to identify key contributors. The geographic distribution of research was visualized using density maps, highlighting countries with significant research output and identifying potential geographical clusters of expertise.

2.4. Keyword Co-Occurrence and Cluster Analysis

Keyword co-occurrence analysis was conducted to identify core research themes within the field. Author keywords and KeyWords Plus were extracted and standardized to merge synonyms and variations of the same concept. The co-occurrence network was generated with nodes representing keywords and edges indicating their co-appearance in publications. Hierarchical clustering analysis using the VOSviewer algorithm was performed to group related keywords into distinct research clusters. We identified 13 major clusters representing various research directions in herbal medicine for periodontal disease treatment.

2.5. Research Trend and Burst Detection Analysis

We employed burst detection analysis to identify research frontiers and the temporal evolution of topics in herbal medicine for periodontal disease. Using Kleinberg’s burst detection algorithm in CiteSpace, we detected keywords that experienced sudden increases in frequency over specific periods, indicating emerging research interests. Each detected keyword burst was characterized by its strength, starting year, ending year, and duration. Timeline visualizations were generated to chronologically map the emergence, persistence, and decline of research themes from 2000 to 2025.

3. Results

3.1. Annual Publication Trends

Fig. 2 and Table I illustrate the annual distribution of publications on herbal medicine for periodontal disease from 1988 to 2025 indexed in the WoS database. The publication output remained relatively low from 1988 to 2004, with fewer than 3 publications per year. A gradual increase began around 2005, followed by more sustained growth starting in 2007. The publications exhibited a moderate increase from 2010 (6 publications) to 2015 (6 publications). A substantial acceleration occurred from 2016 (15 publications) onwards, with publication numbers rising to 19 in 2017 and remaining at 18 publications in both 2018 and 2019. The highest productivity was observed in recent years, with notable peaks in 2021 (33 publications), 2023 (41 publications), and 2024 (45 publications), representing the maximum annual output in the analyzed timeframe. The final data point shows a decrease to 7 publications in 2025, which likely reflects incomplete data collection for the current year.
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Fig. 2: Annual distribution of publications on herbal medicine for periodontal disease indexed in Web of Science from 1988 to 2025.
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3.2. Country Distribution and Collaboration

The international collaboration and publication distribution in herbal medicine for periodontal disease research demonstrated significant geographical variations (Fig. 3, Table II). China emerged as the dominant contributor with 89 publications, clearly visible as the largest node in the center of the collaboration network, with extensive connections to other countries. Brazil, India, and the USA followed as major contributors with 34, 30, and 28 publications, respectively (Table II), also appearing as prominent nodes with multiple collaborative links in the network visualization. The second tier of productive countries included Iran (19 publications), South Korea (17 publications), Germany, Italy, Japan, and Saudi Arabia (each with 13 publications), as well as Malaysia (11 publications) and Thailand (10 publications) (Fig. 3, Table II). The collaboration network revealed dense interconnections between leading countries, with particularly strong collaborative relationships observed between China and other productive nations.
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Fig. 3: Visualization of international collaboration network in herbal medicine for periodontal disease research.
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3.3. Author Distribution and Collaboration

The author collaboration network and publication distribution in herbal medicine for periodontal disease research revealed distinct collaborative clusters and productive researchers (Fig. 4, Table III). Baharin, Badiah emerged as the most productive with 5 publications, visible as a prominent node in the collaboration network. Mohd, Nurulhuda, followed with 4 publications, while 23 other researchers each contributed 3 publications to the field, including Adam, Fara Azwin; Ahmad, Irfan; Gui, Shuangying; Guo, Jian; Hu, Tao; Kim, Mi Hye; Lee, Hye Ji (Table III). The visualization demonstrated several well-defined collaborative groups distinguished by different colors, with researchers like Gui, Jian; Wang, Guichun; and Li, Jiaxin forming a noticeable cluster (shown in red) representing more recent collaborations (2022–2024). Another significant collaborative group included Ahmad, Irfan; Baharin, Badiah; and Rani, Haslina (shown in orange-yellow), while researchers such as Del Corso, M.; Ehrenfest, D.M. Dohan; and Sammartino, G. formed a distinct cluster (shown in purple) representing earlier collaborations (around 2016) (Fig. 4).

[image: images]

Fig. 4: Visualization of author collaboration network in herbal medicine for periodontal disease research.
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3.4. Institutional Distribution and Collaboration

The institutional collaboration network and publication distribution in herbal medicine for periodontal disease research exhibited clear patterns of productivity and collaboration (Fig. 5, Table IV). Sichuan University emerged as the leading institution with 15 publications, appearing as the largest node, centrally positioned in the collaboration network. Mashhad University of Medical Sciences and University of Tehran Medical Sciences each contributed 7 publications, both visible as prominent nodes in the network. Four institutions followed with 6 publications each: Kyung Hee University, University of Bern, University Federal Ceara, and University Kebangsaan Malaysia. King Khalid University, Shanghai Jiao Tong University, and the University of Sao Paulo each contributed 5 publications. Five institutions with 4 publications each, while 27 other institutions contributed 3 publications each to the field (Fig. 5, Table IV). The visualization revealed several distinct collaborative clusters with varying temporal characteristics, indicated by the color gradient from blue (around 2010) to red (approaching 2025). Notable collaborative relationships were observed between Sichuan University and other Chinese institutions such as Shanghai Jiao Tong University and Anhui Academy of Chinese Medicine (shown in red), indicating more recent collaborations (Fig. 5). Earlier collaborative networks (shown in blue and purple) were formed among institutions like the University of California, Lob5 Foundation Research, and the University of Naples Federico II.
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Fig. 5: Visualization of institutional collaboration network in herbal medicine for periodontal disease research.
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3.5. Journal Distribution and Co-Citation

The journal publication distribution and co-citation network in herbal medicine for periodontal disease research revealed distinct publication patterns and journal relationships (Fig. 6, Table V). Journal of Ethnopharmacology emerged as the most prominent publication venue with 23 articles, visible as a large central node in the co-citation network. Journal of Herbal Medicine and Molecules each published 10 articles, forming significant nodes with strong co-citation links to other journals. Specialized periodontal journals also contributed substantially to the field, with Journal of Periodontal Research (9 publications), Clinical Oral Investigations (7 publications), International Journal of Dental Hygiene (7 publications), Journal of Clinical Periodontology (7 publications), and Journal of Periodontology (7 publications) all appearing as notable nodes in the network (Table V). The journal Nutrients also published 7 articles in this field. The color gradient in the visualization indicated temporal changes in citation patterns, with blue representing earlier citations (around 2010) and red showing more recent citation relationships (approaching 2025) (Fig. 6). The network revealed several distinct journal clusters, with specialized periodontal journals forming one interconnected group, while journals focused on natural products and pharmacology formed another cluster, demonstrating the interdisciplinary nature of this research field.
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Fig. 6: Visualization of journal co-citation network in herbal medicine for periodontal disease research.
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3.6. Keyword Distribution and Co-Occurrence

As shown in Fig. 7 and Table VI, the keyword co-occurrence analysis revealed that the most occurring keyword was “disease” with 53 occurrences (first appearing in 2000), followed by “periodontal disease” with 47 occurrences (first appearing in 1992). Other high-frequency keywords included “inflammation” (35 occurrences, first appearing in 2007), “porphyromonas gingivalis” (33 occurrences, first appearing in 1993), and “efficacy” (32 occurrences, first appearing in 1998) (Fig. 7, Table VI). The visualization depicted these high-frequency keywords as larger nodes in the co-occurrence network, with “disease,” “periodontitis,” and “inflammation” prominently positioned in the central area (Fig. 7, Table VI). The keyword co-occurrence network displayed several interconnected clusters differentiated by colors, with the color gradient representing temporal evolution from blue (2016) to red (2021). Keywords related to microbiology, such as “porphyromonas gingivalis” and “antibacterial activity” (26 occurrences), formed distinct clusters, while treatment-related terms like “efficacy” and “chlorhexidine” (17 occurrences) formed another group. Research methodology terms such as “in vitro” (24 occurrences) and analytical terms like “expression” (28 occurrences) and “oxidative stress” (26 occurrences) were also prominently represented in the network, demonstrating the diverse approaches in this research field.
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Fig. 7: Visualization of keyword co-occurrence network in herbal medicine for periodontal disease research.

[image: images]

3.7. Keyword Cluster Analysis

As shown in Fig. 8 and Table VII, the keyword clustering analysis identified 13 distinct clusters (cluster 0–12). Cluster 0 (labeled “anti-inflammation”) contained 42 keywords with a high silhouette value of 0.948 and a mean publication year of 2009, focusing primarily on bone regeneration and Chinese herbal medicine applications. Cluster 1 (labeled “in vitro”) comprised 41 keywords with a silhouette value of 0.782 and a mean publication year of 2011, emphasizing laboratory studies of natural products and antibacterial properties. Cluster 2 (labeled “network pharmacology”) contained 40 keywords with a silhouette value of 0.838 and a mean publication year of 2016, representing more recent research trends in computational approaches and specific medicinal plants like Salvadora persica. Cluster 3 (labeled “alveolar bone loss”) included 39 keywords with a silhouette value of 0.874 and a mean publication year of 2010, focusing on bone-related aspects and specific compounds like resveratrol. Clusters 4-12 represented additional research directions including chronic periodontitis (37 keywords, silhouette 0.823, mean year 2014), zinc citrate applications (33 keywords, silhouette 0.938, mean year 2000), aloe vera studies (32 keywords, silhouette 0.923, mean year 2008), anti-inflammatory activity (30 keywords, silhouette 0.948, mean year 2020), osteogenic differentiation (28 keywords, silhouette 0.895, mean year 2010), alkaline phosphatase (22 keywords, silhouette 0.872, mean year 2016), periodontal ligament cells (18 keywords, silhouette 0.973, mean year 2012), znps applications (18 keywords, silhouette 0.957, mean year 2011), and drug delivery systems (15 keywords, silhouette 0.976, mean year 2010).
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Fig. 8: Visualization of keyword clusters in herbal medicine for periodontal disease research.
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3.8. Timeline View of Keyword Clusters

Fig. 9 displays a timeline visualization of the 13 keyword clusters identified in herbal medicine for periodontal disease research, generated using CiteSpace. The horizontal axis represents the chronological progression of research from left to right, while clusters are arranged vertically with connecting lines indicating relationships between research themes across periods. Each cluster is color-coded and labeled (#0-#12) with its main research focus: #0 (anti inflammation), #1 (in vitro), #2 (network pharmacology), #3 (alveolar bone loss), #4 (chronic periodontitis), #5 (zinc citrate), #6 (aloe vera), #7 (antiinflammatory activity), #8 (osteogenic differentiation), #9 (alkaline phosphatase), #10 (periodontal ligament cells), #11 (znps), and #12 (injectables). The size of nodes within each cluster corresponds to the frequency or importance of specific keywords. Earlier research themes appear predominantly on the left side of the timeline (clusters #5, #6), while more recent research directions are positioned toward the right (clusters #2, #7, #9). The visualization reveals temporal relationships between research themes, with some clusters showing continuous development across the timeline while others demonstrate more concentrated activity during specific periods.
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Fig. 9: Timeline visualization of keyword clusters in herbal medicine for periodontal disease research.

3.9. Temporal Distribution of Keywords with the Strongest Citation Bursts

Fig. 10 presents the top 25 keywords with the strongest citation bursts in herbal medicine for periodontal disease research between 1988 and 2025. “Network pharmacology” demonstrated the highest burst strength (3.57) beginning in 2022 and continuing through 2025. “Bone to” showed the second highest burst strength (3.77) with the burst occurring from 2016 to 2019. “Efficacy” ranked third with a burst strength of 3.74, with its burst period from 2020 to 2022. “Inflammation” exhibited a burst strength of 3.32, with the burst occurring between 2016 and 2020. “Cytokine” showed a burst strength of 3.07, with the burst period spanning from 2013 to 2019. The earliest keyword burst was observed for “mouthrinse” (burst strength 2.55) occurring from 2008 to 2012, while the most recent burst was for “oxidative stress” (burst strength 2.5) starting in 2023 and continuing through 2025. The majority of keyword bursts occurred after 2016, with particularly intense burst activity between 2020 and 2022. Several keywords, including “network pharmacology,” “molecular docking,” and “natural product,” show burst periods extending to the end of the study timeframe in 2025.
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Fig. 10: Top 25 keywords with the strongest citation bursts in herbal medicine for periodontal disease research.

4. Discussion

This bibliometric analysis of research trends in herbal medicine for periodontal disease reveals a significant paradigm shift from traditional empirical approaches toward scientific mechanism-based investigations. The emergence of “network pharmacology” (2022–2025, strength 3.57) and “molecular docking” (2022–2025, strength 2.77) as high-strength burst keywords indicates researchers’ increasing focus on understanding the complex components and multi-target mechanisms of herbal medicines. Network pharmacology approaches enable researchers to explore synergistic interactions between multiple herbal components and their targets, providing a holistic theoretical foundation for the herbal treatment of periodontal disease [15]. Meanwhile, the widespread application of molecular docking techniques (strength 2.77) has greatly facilitated the prediction of binding affinities between active herbal compounds and periodontal pathogens or host proteins, offering herbal formulation design. [16]. Furthermore, the significant growth in research on “mechanisms” (2018–2020, strength 2.77) and “chemical composition” (2020–2021, strength 2.06) further confirms the shift from traditional experience-based usage toward evidence-based phytotherapy. [17], with various alkaloids, flavonoids, and tannins being identified as key contributors to the antimicrobial and anti-inflammatory properties of herbal treatments [18], [19]. Although the trend toward scientific exploration is evident, integrating traditional knowledge with modern scientific methods remains an important direction for future research. Recent studies also emphasize the need to address safety assessments of herbal medicines to ensure their safe and effective application in clinical practice [3], [15].

Our bibliometric analysis demonstrates a consistent emphasis on antioxidant and anti-inflammatory mechanisms. The emergence of “antioxidant” (2021–2025, strength 2.51) and “oxidative stress” (2023–2025, strength 2.5) as recent burst keywords, coupled with the earlier prominence of “inflammation” (2016–2020, strength 3.32) and “cytokines” (2013–2019, strength 3.07), reveals a progressive research focus on understanding the therapeutic mechanisms of herbal treatments. This temporal pattern suggests that initial research concentrated on inflammatory pathways and has recently expanded to include oxidative mechanisms, references. Herbal compounds containing flavonoids and essential oils have been extensively studied for their ability to neutralize free radicals and reduce oxidative damage in periodontal tissues [3], [19]. Similarly, phytochemicals found in traditional medicinal plants such as turmeric, neem, and aloe vera have demonstrated significant anti-inflammatory properties through modulation of cytokine production, offering natural alternatives to conventional anti-inflammatory medications [18], [20]. Clinical studies have further validated these findings, showing improvements in periodontal parameters, including reduced gingival inflammation and bleeding when herbal medicines are used as adjuncts in therapy [2], [6]. The continuous research interest in these mechanisms over more than a decade, with evolving focus from inflammatory to antioxidative properties, underscores the fundamental role these pathways play in the therapeutic effects of herbal medicine for periodontal disease and suggests that future treatments may increasingly target the oxidative stress-inflammation axis [16], [21].

Our bibliometric analysis demonstrates a clear evolution in research focus from early clinical applications to more rigorous efficacy assessment. The chronological progression of burst keywords illustrates this shift, beginning with “mouthrinse” (2008–2012, strength 2.55) and “clinical trial” (2011–2014, strength 2.34) representing initial exploratory applications, followed by “parameter” evaluation (2017–2019, strength 1.94), and culminating in more comprehensive assessments of “efficacy” (2020–2022, strength 3.74) and “therapy” (2020–2022, strength 2.14). Early research (2008–2014) emphasized the development of herbal mouthwash formulations containing active ingredients from plants like neem and pomegranate, which demonstrated effectiveness in reducing plaque and gingivitis while offering advantages over chemical-based products that often cause tooth staining and other side effects. [22], [23]. The middle phase (2017–2019) showed increased attention to standardized parameter evaluation, particularly examining the anti-inflammatory and antimicrobial properties of specific phytochemicals in controlled studies. [17], [18]. Most recently (2020–2022), research has progressed to comprehensive efficacy assessments with the highest burst strength (3.74), focusing on clinical outcomes of herbal extracts in reducing periodontal inflammation and improving measurable parameters, thereby validating their role as valuable adjuncts to conventional therapies. [2], [19]. This evolution reflects growing scientific rigor in evaluating herbal medicine for periodontal disease, transitioning from preliminary clinical observations to evidence-based validation through standardized methodologies and outcomes assessment. [3], [6].

Our bibliometric analysis reveals a sustained interest in regenerative applications, demonstrated by the temporal progression of burst keywords related to tissue repair and regeneration. The keyword “tissue” (2013–2017, strength 2.25) represents early investigations into herbal medicine’s potential for soft tissue regeneration, where various herbal remedies were found to reduce plaque formation and strengthen gums [23]. This research foundation was expanded with the prominent emergence of “bone” (2016–2019, strength 3.77) as the strongest burst keyword in our entire analysis, reflecting intensified focus on herbs that stimulate osteoblast activity while inhibiting osteoclasts to promote alveolar bone regeneration in periodontal disease [24]. Most recently, research has evolved toward “stem cell” applications (2021–2023, strength 2.41), indicating a sophisticated integration of herbal compounds with advanced regenerative techniques, where bioactive plant compounds are being investigated for their ability to enhance the proliferation and differentiation of dental stem cells [25], [26]. This decade-long progression from basic tissue repair to advanced stem cell applications demonstrates a paradigm shift in periodontal regenerative medicine, moving from conventional artificial replacements toward biological regeneration approaches that combine traditional herbal knowledge with cutting-edge cellular technologies. The consistently high burst strengths across these keywords, particularly for bone-related research, underscore the significant potential and scientific interest in herbal medicine’s role in periodontal tissue regeneration [27], [28].

The temporal analysis of publication trends in herbal medicine for periodontal disease research reveals significant evolutionary patterns that reflect the global acceptance and scientific validation of natural therapeutic approaches. Our findings demonstrate a marked acceleration in research output beginning in 2016, with publication numbers increasing from 15 in 2016 to 45 in 2024, representing a three-fold increase over eight years. This exponential growth pattern aligns with similar bibliometric analyses in complementary medicine fields, where increased research activity often correlates with growing clinical acceptance and regulatory support for evidence-based natural therapies [29], [30]. The geographic distribution analysis revealed China’s dominance with 89 publications, followed by Brazil, India, and the USA, indicating a strong contribution from countries with rich traditional medicine heritage. This pattern is consistent with previous studies in herbal medicine research, where nations with established traditional medicine systems often lead in scientific publications, combining traditional knowledge with modern research methodologies [9], [11]. The prominence of Asian countries, particularly China and India, reflects their substantial investment in traditional medicine research infrastructure and government policies supporting integrative healthcare approaches [31]. Brazil’s significant contribution (34 publications) demonstrates the growing importance of South American biodiversity in global herbal medicine research, particularly given the Amazon rainforest’s vast pharmaceutical potential [32]. The collaborative networks observed between these leading countries suggest effective knowledge transfer mechanisms and international research partnerships that accelerate scientific advancement in this field [33].

The institutional distribution analysis reveals concentrated research excellence in specific academic centers, with Sichuan University leading with 15 publications, followed by specialized medical universities from Iran and Malaysia. This concentration pattern is characteristic of emerging research fields where expertise development requires sustained institutional commitment and specialized infrastructure [34], [35]. The predominance of universities over commercial research institutions indicates that herbal medicine for periodontal disease research remains primarily academically driven, focusing on fundamental understanding rather than immediate commercial applications. This academic focus is beneficial for ensuring rigorous scientific standards and unbiased research outcomes, though it may slow clinical translation compared to industry-driven research [36]. The author productivity analysis, with Baharin, Badiah leading with 5 publications and multiple researchers contributing 3–4 publications each, suggests a relatively distributed research community without extreme concentration in single research groups. This distribution pattern indicates healthy research diversity and reduces the risk of publication bias that might occur with excessive concentration of research output from few sources [37], [38]. The collaborative networks visualized in our analysis demonstrate active inter-institutional partnerships, particularly between Asian institutions, which facilitates knowledge exchange and resource sharing essential for advancing this interdisciplinary field [39]. The temporal evolution of author collaborations, from Western-dominated early networks to increasingly Asian-centric recent collaborations, reflects the geographical shift in research focus and the growing recognition of traditional medicine knowledge systems in scientific communities [40], [41]. These collaboration patterns are crucial for integrating traditional herbal knowledge with modern periodontal research methodologies, ultimately advancing evidence-based applications of herbal medicine in clinical practice [42].

Despite its comprehensive approach, this study has several limitations that should be acknowledged. First, our analysis was restricted to publications indexed in the WoS database, potentially missing relevant articles from other databases or non-indexed journals, particularly those publishing in languages other than English (flow chart of study selection is missing). Second, the bibliometric approach captures quantitative aspects of research output but cannot fully assess the quality, methodological rigor, or clinical significance of individual studies on herbal medicine for periodontal disease. Third, citation metrics may be influenced by factors beyond scientific merit, such as journal reputation or author prominence, potentially skewing the perceived impact of certain publications. Fourth, the keyword-based search strategy, while carefully designed, may not have captured all relevant literature due to terminology variations across different research traditions. Fifth, the most recent developments may not be fully represented in our findings.

This bibliometric analysis reveals several important implications for future research directions. First, there is a need for more high-quality randomized controlled trials to validate the efficacy and safety profiles of promising herbal compounds identified in our keyword analysis, particularly those appearing in emerging research clusters. Second, future studies should focus on standardizing herbal formulations and dosages to improve reproducibility and clinical applicability, as the current literature shows considerable heterogeneity in preparation methods. Third, research collaborations between countries with strong traditional medicine knowledge (such as China and India) and those with advanced clinical research infrastructure could accelerate the translation of promising herbal treatments into mainstream periodontal care. Fourth, mechanistic studies exploring the molecular pathways through which herbal compounds exert their effects on periodontal tissues would strengthen the scientific foundation of this field. Fifth, interdisciplinary research combining pharmacology, periodontology, and material science could lead to innovative herbal-based delivery systems specifically designed for periodontal applications.

5. Conclusion

This bibliometric analysis of herbal medicine for periodontal disease research reveals a dynamic field that has evolved from preliminary clinical applications to sophisticated mechanistic investigations. Our findings demonstrate a significant shift toward scientific approaches, with emerging research fronts in network pharmacology, molecular docking, and oxidative stress mechanisms gaining prominence in recent years. International collaboration patterns highlight China’s leadership in this field, while revealing opportunities for enhanced global cooperation to advance herbal medicine integration into mainstream periodontal care. As research continues to validate the efficacy and elucidate the mechanisms of herbal treatments, future studies should focus on standardization of herbal preparations, controlled clinical trials, and interdisciplinary approaches combining traditional knowledge with modern scientific methods to optimize therapeutic outcomes for periodontal patients.
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